[1] X-rays are generated throughout the heliosphere and the terrestrial magnetosheath as a consequence of charge transfer collisions between heavy solar wind ions and interstellar and geocoronal neutrals, respectively. Simple models of this X-ray emission have been presented in the past, but results from a more sophisticated model are described in this paper. In particular, to obtain the densities of interstellar neutrals our X-ray model uses to determine X-ray intensities, we use the Fahr [1971] hot model although with recently determined input parameters. The geocoronal X-ray model we use in this paper has also been improved, as described in a recent paper by Robertson and Cravens [2003] . In previous papers we demonstrated that there is significant correlation between the ''longterm enhancement'' part of the soft X-ray background measured by the Röntgen Satellite (ROSAT) and the solar wind proton flux. In the current paper we determine the steadystate X-ray intensities due to the interaction between the solar wind and both interstellar neutrals and the geocoronal neutrals as a function of look direction and time of year. X-ray intensity maps are shown for both a spherically symmetric solar wind and for a latitudedependent solar wind (i.e., fast and slow solar wind regions). In all cases, the X-ray intensity is highest when the view direction is towards the Sun, but the intensity is also relatively high for view directions intersecting the gravitational focusing cone of interstellar helium. We also show a heliospheric/geocoronal X-ray intensity map for the conditions used by Snowden et al. [1995] in producing the 1/4 keV channel soft X-ray background map in galactic coordinates. Our preliminary conclusion is that very roughly 50% of the total background soft X-ray intensity in the galactic plane and 25% at high galactic latitudes can be attributed to the charge transfer process operating within the solar system, with the remaining emission coming from outside our heliosphere.
Introduction
[2] X-ray emission from comet Hyakutake was discovered in 1996 [Lisse et al., 1996] . After that initial discovery, X-ray emission from a large number of other comets was observed, and X-ray emission has also been observed from planets, from interstellar gas throughout the heliosphere, and from the Moon [cf. Dennerl et al., 1997; Lisse et al., 1999a Lisse et al., , 1999b Cravens, 2002a Cravens, , 2002b . Cravens [1997] proposed that the cometary soft X-ray emission was due to charge exchange reactions between heavy solar wind ions and cometary neutrals. An electron is transferred in such collisions from a cometary neutral to a high charge state heavy solar wind ion. The heavy ion is left in an excited state and emits a photon in the extreme ultraviolet or soft X-ray region of the spectrum [see Cravens, 2002a Cravens, , 2002b . X-ray emission from the solar wind charge exchange (SWCX) mechanism shows up as numerous spectral lines, but only recently have high-resolution spectra of the comets been obtained by Chandra [Lisse et al., 2001] or (in the extreme ultraviolet (EUV) part of the spectrum) by the EUVE satellite [Krasnopolsky and Mumma, 2001] .
[3] Cox [1998] suggested that the SWCX mechanism applied to interstellar neutrals, and neutrals in the Earth's geocorona could account for part of the observed soft X-ray background. He also suggested [Cox, 1998 ] that the same mechanism could explain some of the temporal variations in the soft X-ray diffuse background, in particular the longterm enhancements (LTE) as seen by ROSAT [Snowden et al., 1994] . also attributed the LTE to variations in the solar wind and speculated that the SWCX mechanism applied to the vicinity of Earth might be responsible.
[4] Cravens [2000] constructed a simple model of heliospheric X-ray emission from charge exchange between the solar wind and interstellar helium and hydrogen and demonstrated that the intensities were significant (i.e., roughly 25-50% of the observed soft X-ray background intensity) and that the spectral shape was consistent with that of the observed soft X-ray background emission [McCammon and Sanders, 1990] . Interstellar neutrals are able to flow into the heliosphere (see Lallement et al. [1985 Lallement et al. [ , 1990 for a discussion of this), whereas the interstellar plasma is kept outside the heliosphere by the solar wind. A comparison of the LTE part of the ROSAT X-ray background for the 1/4 keV channel with the solar wind proton flux showed that these quantities tracked each other in time Robertson et al., 2001] . Daily averages of measured solar wind proton fluxes were compared with ROSAT LTE data for all days for which both data types were available and a correlation coefficient of R = 0.71 was found.
[5] Cravens et al. [2001] and Robertson et al. [2001] developed a simple time-dependent model of the soft X-ray emission from the SWCX mechanism applied to both the interstellar neutrals (both H and He) and geocoronal hydrogen. However, the model used for the interstellar hydrogen and helium densities was very simple, an exponential variation with heliocentric distance really only applicable to the interstellar upwind direction. The model used for the geocoronal X-ray emission was also quite simple, but this has been improved in a recent paper [Robertson and Cravens, 2003 ]. In the current paper, we work with a much more elaborate model to describe the distribution of interstellar neutrals in the heliosphere. In our previous work we determined intensities for a vague ''upwind'' viewing direction, but we did adopt time-dependent solar wind fluxes. On the other hand, in the current paper we adopt time-independent, average, solar wind parameters but treat the spatial dependence much more carefully, allowing us to generate maps of the X-ray intensity for a complete set of simulated look directions.
[6] The model of the geocoronal X-ray emission [Robertson and Cravens, 2003] uses published terrestrial exospheric hydrogen densities [Hodges, 1994] and solar wind speed, density, and temperature distributions around the magnetopause from a numerical hydrodynamic model [Spreiter et al., 1966] . The interstellar neutral densities in the current paper are obtained using the Fahr [1971 Fahr [ , 1974 hot model but with adjustments to make the results more dependable [Gruntman, 2001] . Also, we use the latest ionization rates and upstream interstellar neutral temperatures [Michels et al., 2002; Costa et al., 1999; Gloeckler, 1996] . We adopt two solar wind models: (1) an average spherically symmetric solar wind and (2) a solar wind with latitudinal structure (i.e., a low-latitude slow solar wind and a high-latitude fast solar wind) as described by Gruntman [2001] . Gruntman [2001] constructed similar maps for He + 30.4 nm emission (rather than soft X-ray emission) due to a number of sources, including the charge transfer of solar wind He ++ with interstellar neutrals (that is, the SWCX mechanism).
[7] Snowden et al. [1995] produced maps of the soft X-ray background (SXRB) for the ROSAT All-Sky Survey in several X-ray bands. These bands had all noncosmic background contaminations removed. One source of background contaminations was labeled ''long-term enhancements'' (LTE), and these vary on time scales of days. No explanation was found for these variations. Cravens et al. [2001] and Robertson et al. [2001] showed that there was distinct correlation between the LTE and the solar wind proton flux. Because there was no explanation for the LTE it was possible to remove the time variation, but no real guideline existed on how much of the steady state component should be removed. The soft X-ray maps that we present in this paper (in solar ecliptic coordinates and for different seasons) should ultimately be useful in assessing the heliospheric and geocoronal contributions to the overall soft X-ray background emission [Snowden et al., 1995; McCammon and Sanders, 1990] . For the current paper we calculate the X-ray intensity due to the SWCX mechanism within the heliosphere for the times and look directions used by Snowden et al. [1995] , plot these results as a map in galactic coordinates, and compare this map with the SXRB 1/4 keV ROSAT map presented by Snowden et al. [1995] . Unfortunately, the absolute normalization of the X-ray intensities we calculate is quite uncertain, as we discuss at the end of the paper.
X-Ray Emission Model

Solar Wind Charge Exchange Mechanism
[8] Highly stripped, heavy solar wind ions can undergo charge transfer collisions with neutrals. For a highly charged solar wind oxygen ion, the process can be depicted in the following manner:
where M denotes a neutral target such as H or He, and where the product ion, O 6+* , is in a highly excited stated [cf. Cravens, 1997 Cravens, , 2002a Häberli et al., 1997; Wegmann et al., 1998; Greenwood et al., 2000; Kharchenko and Dalgarno, 2000] . Subsequently, as the electron cascades down to a lower energy level, the ion emits a photon in the X-ray or EUV region of the spectrum. He ++ and H + ions in the solar wind also undergo charge transfer collisions with neutrals [Rucinski and Fahr, 1989, Gruntman, 2001] , but the photons produced from such reactions (i.e., 30.4 nm emission, Lya) have energies less than 100 eV, whereas the soft X-ray emission that we are concerned with in this paper is for photon energies between 100 eV and 1 keV.
[9] The following simple expression was used by Cravens [1997 Cravens [ , 2000 Cravens [ , 2002a and Cravens et al. [2001] to calculate the overall X-ray and EUV power density:
The a factor is an efficiency factor for the entire soft X-ray part of the spectrum, and it is proportional to the relative abundance of heavy ions in the solar wind and also to the average charge transfer cross section for high charge state ions. Charge transfer cross sections for highly charged ions are rather insensitive to the collision energy, unlike the analogous cross sections for alpha particles. The parameter a should actually be different for each neutral target as well as for different composition states of the solar wind [Schwadron and Cravens, 2000] . In our previous studies of heliospheric X-ray emission we have used the same value for both interstellar helium and hydrogen, but the charge transfer cross section at solar wind energies for He targets is about a factor of 2 lower than for H targets [Greenwood et al., 2001] , so in the current paper we use a He value half that of H. We have also assumed that a pertains to the total soft X-ray power (roughly, photon energies between about 0.1 and 1.0 keV). However, with the advent of more accurate X-ray spectra, both for comets [e.g., Lisse et al., 2001] and for the soft X-ray background [McCammon et al., 2002] and with some new experimental cross section data [e.g., Greenwood et al., 2001] , a more accurate approach to the X-ray efficiency than using a ''generic'' efficiency will soon be able to be carried out.
[10] In the current paper we use the value of a quoted in the Cravens et al. [2001] paper (i.e., a = 6 Â 10 À16 eV cm 2 for both interstellar helium and hydrogen). However, we just recently realized that the value of a actually used in that paper was 1.6 Â 10 À15 eV cm 2 (similar to the value that Schwadron and Cravens [2000] determined). Fortunately, the Cravens et al. [2001] paper was almost entirely focused on relative temporal variations of the X-ray intensities (and solar wind) rather than on absolute intensities. In any case, the uncertainty in the efficiency factor is quite high (i.e., a factor of $2 probably). In the current paper, however, we will indeed use a = 6 Â 10 À16 eV cm 2 for interstellar and exospheric hydrogen and we will use a = 3 Â 10 À16 eV cm 2 for interstellar helium (see the discussion by Robertson and Cravens [2003] ). However, we stress that these values are still quite uncertain and also should depend on solar wind conditions [Schwadron and Cravens, 2000; Kharchenko and Dalgarno, 2000] .
Solar Wind
[11] We adopt two time-independent solar wind models: (1) spherically symmetric solar wind, and (2) a latitudedependent solar wind (i.e., fast and slow solar wind regions). The solar wind number density is denoted as n sw which varies with heliocentric distance, r, as: n sw = n sw0 /r 2 , where n sw0 is the solar wind density at 1 AU. The solar wind speed is denoted by u sw and is assumed to be independent of r.
[12] For the symmetric solar wind case we adopted a speed and density of 400 km/s and 7 cm À3 , respectively. For the latitudinally dependent solar wind case and to compare our results with Gruntman's results only, we used Gruntman's [2001] parameters (see Table 1 ). A slow solar wind is assumed for heliolatitudes less than 20°, and a fast solar wind is assumed for latitudes greater than 20°. This simple pattern is more appropriate for solar minimum conditions than for solar maximum conditions [Phillips et al., 1995] . Hence we choose the fall equinox of 1996 as the representative epoch for this case whenever other parameters are needed.
Interstellar Neutral Densities
[13] In the calculation of heliospheric X-ray emission, the density of interstellar neutrals as a function of position in the heliosphere must be supplied to equation (2) for the n n function. In our previous papers, interstellar helium and hydrogen densities were approximated by using the simple function n n = n n0 e Àl/r . This function of distance r from the Sun does not show the effect of gravitational focusing and radiation pressure. Several ''hot gas'' models have been reported in the literature which provide more accurate values of the interstellar neutral number density [e.g., Fahr, 1974; Holzer, 1977; Meier, 1977] . We use the Fahr [1974] hot model for our computations. In this model the neutral number density depends on the unperturbed interstellar neutral parameters, namely density, temperature, and velocity, and also on solar parameters such as photoionization and proton charge exchange rates. Fahr uses the Liouville theorem to determine neutral interstellar hydrogen and helium densities in the (collisionless) heliosphere. He derived an expression for the particle density, including the effects of gravity and the extinction losses due to photoionization and charge exchange. He assumes an upstream particle distribution that is a drifting maxwellian. We numerically evaluate the expression given by Fahr. We also adopt the observed direction of the interstellar wind (the upwind direction is 252°ecliptic longitude and +7°latitude [Lallement et al., 1990] ). Costa et al. [1999] suggested that there is a problem with the hot models, in that plasma-gas coupling in the heliospheric interface was not taken into account. This is especially a problem for interstellar hydrogen. However, this can be accounted for by adjusting the adopted density, temperature, and velocity of the unperturbed interstellar flow of hydrogen. Gloeckler [1996] derived hydrogen densities and ionization rates by comparing hot model results with observed spatial and velocity distributions of pickup protons. Although his ionization rates are more a reflection of the observed solar wind conditions for the ULYSSES trajectory than the ''average'' structure, we have used them to represent the ionization rates for solar wind maximum, minimum, and medium activity. The dominant ionization losses for hydrogen are two-fold, namely photoionization and charge exchange ionization. The total ionization losses increase with solar activity. This affects the interstellar hydrogen densities in the inner heliosphere; the density is higher for low solar activity than for high solar activity.
[14] Plasma-gas coupling is not a problem for helium; however, the original hot model did not take electron impact ionization of helium into account, which produces a solar activity dependent decrease of the He number density [Michels et al., 2002] . The dominant ionization mechanism for helium is photoionization; however, other processes also take place, such as electron impact ionization, with lesser degrees of importance. Michels et al. [2002] adjusted their photoionization rates by a factor of $1.5 to account for the other ionization processes, and we adopted these adjusted rates here. These processes become especially significant inside the Earth's orbit [Rucinski and Fahr, 1989] .
[15] Neutral hydrogen is seriously affected by radiation pressure, and there is a net repulsive force in the antisolar direction [Fahr, 1974] . This effect is included by adopting a radiation-to-gravitation force ratio for hydrogen of m = 0.99. Helium is not affected by radiation pressure. Helium, on the other hand, experiences significant gravitational focusing in the downwind direction. This gravitational ''cone'' is quite apparent in our calculated X-ray intensity maps. The parameters we adopted for use in the Fahr model are summarized in Table 2 . Except for the latitudinally dependent solar wind (Table 1) , these are the parameters used throughout the paper.
X-Ray Emission From the Solar Wind Interaction With Geocoronal Hydrogen
[16] The methods we use to calculate X-ray intensities from the solar wind interaction with geocoronal hydrogen which resides outside the magnetosphere were described by Robertson and Cravens [2003] , and we will only provide a brief synopsis here. The power density is calculated using an expression almost the same as equation (2), except that in place of the solar wind bulk speed (appropriate for the highly supersonic solar wind) an average ion-neutral collision speed is adopted. This speed incorporates the thermal speed as well as the bulk flow speed, as is appropriate for the shocked solar wind flow which exists downstream of the bow shock in the magnetosheath. The solar wind flow pattern around the terrestrial magnetosphere is taken from the Spreiter et al. [1966] numerical global hydrodynamic model. We used an unperturbed upstream solar wind density of 7 cm À3 and an unperturbed upstream solar wind speed of 400 km/s. The H densities as a function of position in Earth's geocorona were taken from a model of Hodges [1994] . The maximum X-ray production takes place in the subsolar magnetosheath where the shocked solar wind density is greatest.
[17] Robertson and Cravens [2003] were mainly concerned with images of the soft X-ray emission as viewed from well outside the magnetosphere. On the other hand, in the current paper we are interested in how the intensity as viewed from Earth varies with look direction.
Coordinate System and Generation of X-Ray Intensity Maps
[18] The soft X-ray production rate (i.e., volume emission rate) throughout the heliosphere and in the geocorona was numerically calculated. The intensity in a certain look direction can be determined by integrating equation (2) over a suitable path originating at Earth and going out a sufficient distance (for which we adopted 200 AU). Since most of the contribution to the intensity integral is within a few AU from the Sun, it was not necessary to model the contribution of the hydrogen wall at 100 AU. We carried out a rough calculation which included a solar wind density jump of a factor of 3 and an enhancement ratio for neutral hydrogen in the wall of a factor of 2 (both these factors are likely to be overestimated), and we estimated that the heliosphere beyond some tens of AU (including the hydrogen wall) contributes no more than about 15% to the total X-ray intensity, as observed from Earth. An interesting question is how the heliosphere would appear from the outside in soft X rays, but this topic is outside the scope of the current paper.
[19] A coordinate system is needed to display the calculated intensities and we adopted an Earth-centered solar ecliptic coordinate system, for which 0°heliolongitude points towards the Sun during the March equinox (that is, the vernal equinox). The plane of zero heliolatitude is the ecliptic plane. See Figure 1 for a sketch of the coordinate system.
Galactic Sky Map
[20] Snowden et al. 's [1995] SXRB sky maps were generated from observations taken by ROSAT during 1990-1991. All noncosmic background, such as a solar X-ray scattering background from the Earth's atmosphere, an energy particle induced internal background, short-term enhancements due to auroral X-rays, and long-term enhancements, of which the origin was unknown, were removed. What remains are contributions from steady sources including sources outside the solar system such as the local hot bubble and the steady part of the SWCXrelated emission within the heliosphere. In this paper we determine the steady part of the X-ray emission coming from the heliosphere and geocorona for look directions and times associated with the Snowden et al. [1995] study. 
LIS
These look directions and times were an average from a 20°Â 2°segment of a great circle on the sky which lasted for about 600 s. The soft X-ray maps were cast with a finer grid and the number of observations was considerably larger than were the Snowden et al. [1995] maps, so that our map shows more gaps than Snowden's sky map. However, the scanning process was smooth and interpolation was possible.
Model Results
[21] Maps of the total X-ray emission over the sky were generated for three levels of solar activity, namely, low with an F 10.7 of 70, medium solar activity with an F 10.7 of 100, and higher solar activity with an F 10.7 of 140. However, only the low and high solar activity maps are shown in this paper. Table 3 lists the maximum X-ray intensities across the sky during the fall equinox for these three solar activity levels separately for the helium and hydrogen contributions. Clearly, the intensities are greatest for solar minimum conditions. The reason for this is that the interstellar hydrogen densities in the inner heliosphere are greater for low solar activity than for high solar activity due to smaller photoionization losses. As we will see below, the maximum intensities are found in the sunward direction. Note that an X-ray observatory like ROSAT cannot look toward the Sun and would not observe these maximum intensities.
[22] Figure 2 shows low solar activity maps for the individual contributions and total X-ray intensity for fall (September) equinox conditions. Figure 3 shows the same maps for high solar activity. The star denotes the upwind direction of the interstellar wind. Note the increase in Figure 2. Sky map of X-ray intensities observed from Earth due to the solar wind charge exchange mechanism for low solar activity and on 21 September (fall equinox). The successive panels from the top show the intensity contributions from interstellar hydrogen, interstellar helium, geocoronal hydrogen, and the total intensity, respectively. Units of intensity are keV cm À2 s À1 sr
À1
, and the color bars on the right show the intensity levels for each panel. The black area in all maps contains the Sun. The asterisk indicates the coordinates of the upwind direction for the local interstellar medium. (For the black and white maps the intensity scale bars for the ''helium'' and ''total'' maps both have their maximum intensities reduced by 15 keV cm À2 s À1 sr
; hence the intensities beyond that are saturated.) The hydrogen contribution has a characteristic upwinddownwind dipole pattern previously noted in the observed Lyman alpha intensity pattern due to solar Lyman alpha scattering from interstellar H [Bertaux and Lallement, 1984; Bertaux et al., 1985] . The hydrogen-related intensity is about 6 keV cm À2 s À1 sr À1 in the upwind direction and is about 3 keV cm À2 s À1 sr À1 in the downwind direction. The helium cone is evident as a region of localized emission stretching from the Sun towards lower longitudes. The geocoronal contribution to the total intensity is rather minor for the average solar wind conditions used in this paper, but Robertson and Cravens [2003] demonstrated that as the solar wind flux increases, the geocoronal contribution relative to the heliospheric contributions increases in a disproportional manner and can become quite important at some times. The total X-ray intensity in Figure 2 varies from a maximum of about 32 keV cm À2 s À1 sr À1 in the sunward direction to a minimum of about 3 keV cm À2 s À1 sr À1 in the downwind direction (270°longitude) (see also Table 3 ). The maximum total X-ray intensity in Figure 3 varies from about 9 keV cm À2 s À1 sr À1 down to a minimum of about 3 keV cm À2 s À1 sr À1 (see Table 3 ). The helium cone is evident in both total X-ray maps. However, outside the cone and solar region, the intensity distribution is surprisingly uniform (factor of $2 variations) because the hydrogen contribution is greatest where the helium contribution is at its minimum.
[23] Figure 5 shows intensity maps calculated for dates when the Earth is in the upwind or downwind portions of its orbit and during low solar activity. Similar maps for high solar activity are shown in Figure 6 . The big difference between the two maps in each of these figures is that the area of the map with enhanced intensity due to the helium cone is greater when Earth is right near the ''edge'' of this cone (i.e., in the downwind (December) part of its orbit; the lower panels).
[24] Figure 7 shows total X-ray intensity maps for the case of the latitudinally structured solar wind at solar minimum. These maps look very much like the corresponding maps for the spherically symmetric solar wind except that the intensities are lower outside the ±20°l atitudinal band centered on the ecliptic plane. This is not surprising because the X-ray power from equation (2) is just proportional to the solar wind flux, and according to Table 1 , the flux in the high-speed (high-latitude) solar wind is about 20% less than it is in the slow wind near the equator. However, note that X-ray spectra should be different in the two regions because this depends on the solar wind composition which differs for slow and fast solar wind [Schwadron and Cravens, 2000; Kharchenko and Dalgarno, 2000] . We neglect this effect in this paper, but eventually it should be included. The maps of He + 30.4 nm emission shown by Gruntman [2001] show an opposite pattern with higher emission rates in the fast wind at higher latitudes. The ; hence the intensities beyond that are saturated.) Figure 6 . Similar to Figure 5 , but for high solar activity. The black and white maps are identical to the color maps. explanation is that the charge transfer cross section for the very high charge state ions relevant to X-ray emission vary very little with projectile speed in the range relevant here [Greenwood et al.,2000; Greenwood et al., 2001] , whereas the analogous cross section for He ++ collisions with H increases rapidly with energy and is much larger at speeds of about 800 km/s than it is at 400 km/s [Gruntman, 2001; Rucinski and Fahr, 1989] .
Model Results: X-Ray Map for ROSAT Conditions
[25] Figure 8 shows the sky map in ecliptic coordinates generated by our combined heliospheric and geocoronal X-ray models for a large number of observation times appropriate to the 1990-1991 ROSAT all-sky survey, as discussed in the Model section. Since we try to recreate the ROSAT 1/4 keV all-sky survey map, the only look directions and observation times that were used were the ones used to determine the LTE data. Consequently, the gaps are present in this specialized model map because for those look directions no observation data was available. The pixel size is 5°Â 5°and latitudinal gaps of 20°were closed by linear interpolation. Gaps larger than 20°were left untouched.
Some small longitudinal gaps of 10°or less were also closed by linear interpolation. The look direction of ROSAT was mainly in the ecliptic plane and the PSPC look direction scanned in a great circle, thus producing a range of latitudes. Figure 9 shows the same sky map in ecliptic coordinates, but the gaps are now completely closed by linear interpolation in the longitudinal direction. The single black pixel in the upper region of the map was kept to maintain the same coloring scale as in Figure 8 . The X-ray intensity varies from about 3.5 keV/cm 2 /s/sr at a longitude of about 70°in the downwind direction to about 6 keV/cm 2 / s/sr near 180°, where the helium cone makes a significant contribution. Overall, though, the X-ray intensity is rather uniform across the sky in comparison with the maps shown Figure 7 . Maps of the total X-ray intensity as viewed from the Earth due to the SWCX mechanism for the June (Earth in the upwind direction) and December (Earth in the downwind direction) solstices and for the September equinox. The solar wind model used varies with heliolatitude, with a slow wind for latitudes less than 20°and a fast wind for latitudes greater than 20°. The color bars show the intensity in units of keV cm À2 s À1 sr
À1
. (For the black and white maps the intensity scale bars for the ''helium'' and ''total'' maps both have their maximum intensities reduced by 15 keV cm À2 s À1 sr À1 ; hence the intensities beyond that are saturated.) Figure 8 . Sky map of total modeled X-ray intensities due to charge exchange with interstellar neutrals and geocoronal hydrogen but for the times and look directions from the ROSAT 1990 -1991 sky survey (see text). The map is in ecliptic coordinates. The gaps are mainly due to the ROSAT counter being turned off while being in the radiation belts or because the data was rejected due to contamination by short term enhancements. The color bar shows the intensity in units of keV cm À2 s À1 sr
. (The intensity scale bar for the black and white map starts around 3.5 keV cm À2 s À1 sr
, which is the real minimum of the calculated map. Hence some of the lower intensities slightly blend in with the gaps in the map.) Figure 9 . Same sky map as in Figure 8 , but now with the gaps filled by linear interpolation in the longitudinal direction. The units of the color bar are the same as in Figure 8 . (The intensity scale bar for the black and white map starts around 3.5 keV cm À2 s À1 sr
, which is the real minimum of the calculated map. Hence some of the lower intensities slightly blend in with the gaps in the map.)
earlier. The explanation is that the new map is a specialized average over seasons and the ROSAT look directions are primarily at right angles to the Sun-Earth direction, which tends to ''even out'' the intensity variations. The helium cone contributes both to the X-ray intensity maximum near the 150°-180°longitude range near the equator and also to a secondary peak in roughly the opposite look direction (about 0°-20°longitude). These two peaks come from look directions towards the cone but at observation times about 6 months apart.
[26] Figure 10a shows the calculated heliospheric and geocoronal X-ray emission as a rectangular projection of the sky map in galactic coordinates. The origin is at the center of the image and longitude increases to the left. The ''main'' helium cone intensity peak is evident near a latitude b % 40°a nd longitude l % À150°, and the secondary helium cone peak is evident near b % 50°and l % 0°. The broad upwind hydrogen maximum is spread throughout high positive galactic latitudes, and the downwind minimum is spread over longitudes near 180°and near b % À30°. However, as with the ecliptic map, the range of intensities is not large, just a factor of 1.5 or so over the whole map. That is, the heliospheric and geocoronal contribution to the ROSAT SXRB map is rather uniform across the sky. For comparison, Figure 10b shows Snowden's 1/4 keV all-sky survey in the Aitoff-Hammer projection. The measured intensity at the galactic equator does not vary much with longitude, but the intensity at high latitudes is about 3 times greater than the equatorial emission. This level of variation is much greater than the model's variation, which strongly suggests that the observed high-latitude emission must originate outside the solar system. In the equatorial region, both the model and the observed intensities vary by about a factor of 1.5. How much of the SXRB near the galactic equator can be attributed to local (i.e., heliospheric and geocoronal) emission depends on the ''absolute'' normalization/calibration of both the observations and the model SWCX intensities. This is discussed further in the next section.
Discussion and Conclusions
[27] Time-independent maps of soft X-ray intensity across the sky were shown for different times of year and for different assumptions concerning the structure of the solar wind. The calculated soft X-ray intensity due to the SWCX mechanism varies from about 3 to 32 keV cm À2 s À1 sr
À1
during solar minimum conditions, with the largest intensities in the sunward direction and for look directions towards the helium cone. However, typical intensities for look directions $90°away from the Sun-Earth direction are Cravens [2000] estimated a soft X-ray intensity for the heliospheric SWCX source of %11 keV cm À2 s À1 sr À1 in agreement with the ''typical'' value in the current paper. The typical intensity given by Cravens et al. [2001] or Robertson et al. [2001] was about 25 keV cm À2 s À1 sr À1 ; however, the value of the X-ray efficiency factor, a, actually used in these two papers (as opposed to stated) was 2.7 times larger than the value used in the current paper. Furthermore, in the current paper we used a helium a half that of the hydrogen a in order to account for a smaller charge transfer cross section for He targets [Greenwood et al., 2001] . In any case, the whole X-ray efficiency issue should be revisited due to increasingly available experimental data on the relevant charge transfer cross sections and due to the higher spectral resolution of recent observations of cometary X-ray emission (see the references in the Cravens [2002a] review paper) or of the soft X-ray background [Sanders et al., 2001; McCammon et al., 2002] .
[28] The soft X-ray background observed from either rocket experiments [cf. McCammon and Sanders, 1990; McCammon et al., 2002] or from satellite experiments [e.g., Snowden et al., 1995] has been attributed largely (at least for the lower energies and at low galactic latitudes) to emission from the local interstellar hot bubble [cf. Breitschwerdt et al., 1998; Cox, 1998 ]. However, Cox [1998] expressed concern that the SWCX mechanism could produce X-ray emission in the solar system that might necessitate some reinterpretation of the observations. The estimates of the heliospheric X-ray emission by Cravens [2000] confirmed that a significant fraction of the observed soft X-ray background could come from solar system sources rather than from the interstellar medium. Cravens et al. [2001] and Robertson et al. [2001] demonstrated that the time variations of soft X-ray background emission (i.e., the LTE variations in the 1/4 keV ROSAT observations) [Snowden et al., 1994] could likely be explained by the SWCX mechanism applied to heliospheric He and to geocoronal H. However, the ROSAT soft X-ray maps have had such time variations removed and represent ''steadystate'' emission. The calculated spatial maps of the heliospheric and geocoronal soft X-ray emission presented in this paper are a first step in distinguishing between the solar system and ''cosmic and/or interstellar'' contributions to the observed background. However, the absolute intensities of our results remain uncertain due to the uncertainties in the SWCX efficiency, as discussed above, although we expect that this situation will markedly improve during the next couple of years (e.g., work such as that by Greenwood et al. [2000] and Kharchenko and Dalgarno [2000] ). Nonetheless, we now use some rough estimates to make a preliminary ''absolute'' comparison between the model and the observations (i.e., between Figures 10a and 10b) .
[29] One way of ''directly'' estimating the conversion between the 1/4 keV channel ROSAT count rate and the intensity without having to resort to atomic physics is to use the measured ROSAT LTE variations in this count rate together with model calculations of the ratio of the typical temporal variability of the X-ray intensity to the steady-state X-ray intensity associated with the SWCX mechanism [i.e., Cravens et al., 2001; Robertson et al., 2001] . Cravens et al. [2001] did just this and obtained a conversion of 1 ROSAT count/s (1/4 keV channel and for the roughly 1.9°-across field of view) to a corresponding X-ray intensity of 5.7 keV cm À2 s À1 sr
. Correcting this for a smaller relative a value for helium and for a values that are a factor of 2.7 smaller than those in this earlier paper, we find that 1 C/s corresponds to %2 keV cm À2 s À1 sr
. However, our earlier work on the LTE comparison did not include look direction, used only a simple model for the interstellar H and He densities, and did not use the improved geocoronal X-ray emission model described by Robertson and Cravens [2003] . All these improvements to Cravens et al. [2001] represent a significant effort; hence for the moment we will just use the updated version of the earlier conversion factor mentioned above. Further dividing the estimated conversion factor by the solid angle of the field of view in arcminutes squared (and making a further 30% or so correction for ''vignetting'' in the all-sky map) (S. Snowden, private communication, 2003) , we find that 200 Â 10 À6 C/s/ arcmin.
2 for the ROSAT 1/4 keV channel corresponds to %3 keV cm À2 s À1 sr À1 .
[30] Our model (Figure 10a ) predicts average intensities of about 4 to 5.5 keV cm À2 s À1 sr À1 along the galactic equator. However, the ROSAT all-sky maps have had time variations (i.e., LTE) removed so they really correspond to ''minimum'' intensities rather than ''average'' intensities. Looking at Cravens et al. [2001] and Robertson et al. [2001] , the minimum relative to the average intensities for typical solar wind conditions over a month is $80% so that our predicted ''minimum'' intensity would be %3-4 keV cm À2 s À1 sr À1 along b % 0°, corresponding to %200-300 Â 10 À6 C/s/arcmin 2 for the ROSAT map (Figure 10b ), which had values along the equator of %300 -450 Â 10 À6 C/s/ arcmin 2 (omitting obvious discrete sources). Thus the ''typical'' fraction of the total SXRB for b % 0°associated with solar system SXRB sources is about 50% or a bit more, leaving about 50% for sources outside the solar system. At high galactic latitudes typical model intensities are about 5.5-6 keV cm À2 s À1 sr À1 corresponding to %300 Â 10
À6
C/s/min 2 for the ROSAT map. The ROSAT SXRB value (omitting obvious discrete sources) is %900 Â 10 À6 C/s/ arcmin 2 . The solar system sources thus account for only about 25% of the total SXRB emission at high latitudes. The uncertainty in these estimates is very large though.
[31] Another way to compare the model intensities with the ROSAT data is to determine a scale factor relating the ROSAT count rate to an energy flux or intensity. S. Snowden (private communication, 2003) estimated this scale factor to be 1 count/s/arcmin 2 = 4.3 Â 10 4 keV cm À2 s À1 sr À1 by adopting a thermal bremsstrahlung spectrum with a 0.4 keV temperature. Certainly, such a spectrum is not the same as the SWCX spectrum [e.g. Lisse et al., 2001 ], but at low spectral resolution it provides an approximation. Hence for the galactic equator, model intensities of 4 -5.5 keV cm À2 s À1 sr À1 correspond to %100-130 Â 10 À6 count/s/arcmin 2 , whereas our previous (LTE-based) conversion gave larger values of %200-300 Â 10 À6 count/s/arcmin 2 . With the new conversion factor, the solar system sources account for about 33% at b % 0°( rather than 50%) of the total 1/4 keV ROSAT SXRB. High resolution spectra of the SXRB emission such as that obtained using a microcalorimeter on a recent rocket flight [McCammon et al., 2002] could prove useful in determining the above conversion/scale factors, as well as helping to distinguish a SWCX-type spectrum from a standard hot plasma CIE (collisional ionization equilibrium) spectrum [cf. Mewe, 1990] or a combination of such spectra.
[32] Once the local and cosmic/interstellar X-ray emissions have been separated out (which will require much more work on the various scaling factors involved including the SWCX efficiency factor), it might be possible to use the modified X-ray maps to locate and image features in the heliosphere such as the helium cone which produces higher X-ray intensities. Our simulated maps show a definite signature of this cone.
[33] To summarize, roughly 25-50% of the soft X-ray background emission at 1/4 keV is probably generated within our solar system, and the remaining emission comes from outside the solar system (e.g., from the local hot bubble). Determining the true interstellar X-ray background emission (and hence the physical conditions in the local hot interstellar gas) requires a proper subtraction of the solar system X-ray intensity (such as presented in this paper) from the observed SXRB intensity. Unfortunately, the absolute conversion factors used have considerable uncertainty, but our predicted maps should have the correct distribution in a relative sense and can be rescaled when better conversion factors become available.
